UNCLASSIFIED

AD NUMBER
AD215773
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; 25 NOV 1958.

O her requests shall be referred to Departnent
of the Arny, Attn: Public Affairs Ofice,

Washi ngt on, DC 20310.

AUTHORITY

ATRC I'tr 24 Mar 1967 ; ATRC Itr 24 Mar 1967

THISPAGE ISUNCLASSIFIED




MICRO-CARD
CONTROL ONLY

WEREEY 5 \..URS
A w’&&’!‘&ﬂ@?@&, AND THE FACT THAT THE
D, OR IN ANY WAY SUPPLIED THE
% @i‘%ﬁ D&TA I N@“ TO BE REGARDED E?

a < - PN e - = 'y

o e = B g AT R e




CONVOPLANE PRELIMINARY DESIGN STUDY,

MODEL CONSTRUCTION,

AND WIND TUNNEL TEST

(i v e A R S 7 .

25 November 1958 U W=

: {1 : ; f%

i ]

£ IV = 5

Y NQ, JUN ~& g 2
|

i

#

]

Contract DA44-177-TC-43

Goodyear Aircraft Corporation
Akron 15, Ghio




DISCLAIMER NOTICE

- ,“

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




2k

Fe i e

%

U.5.C., SECTIONS 793 AND 794, THE

CONSTRUCTION, Al

r

GOODYEAR AIRC!

GER- 8763 REV. B.

-

this Keport are those of The Contractor, and
dp not necevsarily reflect the vliews G e
Chief of Transportation.

oaTe__November 25, 1958
REF NO.
SYEAR
RAFT CORPORATION
AKRON, OHIO
THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITUIN THE WEANING OF THE ESPIONAGE LAWS, TITLE 18,
1L SHISSION OR THE REVELATION OF IT5
CONTENTS IN ANY MANNER TO AN UNAUS S OR1ZED PERSON IS PROHIBITED BY LAW.
CONVOFLANE PRELIMINAKY DRESTGN 3TUDY, MODEL
i WIND TUNNEL U YE
Contract No. DA Wy =177 -TCU3T
The Findings and Recommendations Contained 1in
T therifj epBertodutia l L not be reﬁrqggaedxin-whole ' =" A1
‘= written consent of The %

o iy @fBA without i

Qngf_gﬁﬂI;gnﬂportation e

REVISIONS

24 Gl St 577

}E*P{: CT-;;S“*I

PAGES AFFECTED

REMARKS

REV DATE 1 MADE BY | APPD BY
A 4 /20/58 hdded: Frontlsplece
Rev: 111, B3, €

5L&lﬁl jﬁ___: ompletely Reviged
S
s AR
"y S
y =
oy e o |

GONDYIIAR AIRCRAFT CORFPORATION

COPYRIGHT 1058

AKRON, QHIO

it ¢

i
5y



GOODFSYEAR
AIRCRAFT

The Qoodyear

},hh
e



7708 U-530M

OER 8763, KTV, B,

Section

I1
ITI

Iv

VI

Figure

TABLE OF CONTENTS

Page
Sumw . . . . . . . . . . . . . . . . vi
Li't or smbol? . . . . . . . . . . . . vli & 69

L R b 1 M S 1
Preliminary Configuration Analysis . . 3
Description of Wind Tunnel Model . . . 7
Test Equipment and Wind Tunnel Tests

Discussion of Test Results . , . . ., . 9
Conclusions and Recommendations ., , . . 23

Hef":"n‘:es ® 6 o o & ¢ 0 0 ¢ o o o ¢ o o 26

INDEX TO FIGURES

Cross Section Showing Model in Forward . 27
Flight Attitude (BS8C41137) . . . . . . .

Cross Section Showing Model in Hovering . 28
Attitude (B58041133) , , ., ., ., ., . ..

llorsepower Requt ‘ed to Hover vs Oross . . 29
weight . . . . . . . . . - . . . L . . .

Estimated Effect of Rotor Diameter on . « 30
Horsepower Required , ., ., . ., . . . . o«

Estimated Rotor Diameter Effect 5n Lift s 31

and Horcepower ., ., . ., ., . . . . o % o e
Variation of Orocs Horsepower with, . . . 32
Veloeity . . . . . . . . . . .. ¢ o o o

Three View of Froposed Convopiane Test Bed 33

Front View of Model with Upper Déors and 34
No e Fairing Removed (A58010721) . . . .

UNCLASSIFIED




7

gm

NCLASSIFIE GER 8763, REV. B,

s i

TABLE OF CONTENTS (CONT'D)

o it Wl

Figure Page

I 9 Top View of Model with Upper Doors . . . 35

Removed A58010724 X

10 Bottom View of Model with Lower Doors Re- 36
moved., A58010723

11 Top View of Model with Upper Doors in . . . 37
Hovering Position., A58010728

12 Pressure and Torque Measuring Equipment ., . 38
A58010727

13 Pressure Measuring Equipment - 50 Tube . . . 39
Manometer. AS58010719

14 View Showing Top Doors in Forward Flight ., . 40
Position,

15 Three-Quarter Front View of Convoplane ., . 41
Model

15 Three-Quarter Front View Showing Plates In- 42
stead of Doors,

17 Rear View Showing Empennage and Exit Duct . 47

18 Power lLoading vs Disk Loeding . . . . . . 44

19 Power Loading vs Disk Loading-Doors and ., , U5
Turning Vanes Out

20 Measured Horsepower Supplied to Rotors . . . 49

21 FEfficiency ve Advance Ratio 2-bladed rotor , 47

22 Efficlency vs Advance Ratio Counter- ., . . 48
Rotation

22 Variation nf Thrust Vector with Door Open- ., U4Q
ing

24 Pressure Tap lLocaticns . . . . . . . . . . . 50

2r Precoure Distribution vs, Station (Inlet & ., &1
Ex!t)

UNCLASSITIEY




77-108G-52M

URCLASSIFIEY

L

e —————— —— —

ke coemsiEAR

OER 8763, REV. B,

Figure

2hH

27

31

32
33
34
35

un
W

u2

TABLE OF CONTENTS® (CONT'D)

Pags

Prezcsure Distribution vs, Station . . . . 52
(Below Rotor)

Presaure Distribution vs. Station . . . . 53
(Avove Rotor)

Variation of Pressure with Blade Angle. . 54
Variation of Pressure w@ith Power Input . . 55

Power loading ve. Disk Loading (In and . . 56
out of Ground Effect) Vanes In

Power Loading vs. Disk loading (In and . . 57
cut of fGround Lffect) Vanes Out.

Table 11 - Univers.ty of Detroit Test Runs . 58
Polar Runs (Cp, vaet ) . + &« +« &+« s o« « + 59
POlAr RUNSB . «. « « o « o o s o s ¢ o o o o » 60

-

Polar Runs High Speed Flight Condition . . . 61
No Power C; vs CD

Variation of Hovering Efficiency with D, L. .62
and P, L.

Meacured Model !lorsepower Supplied to Rotor 63
Variction of Disk loading with RPM . . . . 64

Horsepower hequired vs Veloecity for Various 65
Disk loadings

Erficiencies at Equilibrium Plight . . . . 66
Pitching Moment vs Angle of Attack . . . . 67
Pitch Trim c.“bil‘t’ ¢ 8 6 0 06 0 0 0 0 s 68

i ——————" A—’ - 40 ol S LI




GOODSYEAR

AIRCRAFT
GFR 8763, REV., B,

SUMMARY

Y
The purpose of thils program was to determine the feasibility of the
Convoplane concept and define 1ts aerodynamic characteristlics.

The Convoplane concept may be defined as an aircraft that comblnes
the high speed forward flight of a conventional alrplane with the
hevering ability of a helicopter, without changling the attitude of
the alreraft 1tself or any of its major components.

The concept takes its fcrm in the shape of a buriled rotor surrounded

by ducting in such a manner thal elther hovering flight or forward

f£1light! condIElonss are permissible. ®_

By entirely enclosing the rotor systeﬁ\wjthin the wing. The Convo-

plane attempts to obtain hovering efficiencles which are congldered

good for helicopters and at the same time get forward flilpht op ds
\Qwhich are greater than those possible for the helicopter.

The results of the wind tunnel tests, conducted ty the Goodyear
Adirceraft Corporation under the ausplces of the U, S. Army Transpor-
tation Research and Engineering Command, presented hereln indicate
that this 1s possible. At the same tlme the test results demonstiratls
that these conditions are obtainable in a vehicle which utillzern

one basic propulsion system to obtain hoverlng fLight through trans-
1tion to forward flipnt by means of ducted airflow rather than by
turning either the propulsion system or the vehicle 1tcself.

Although the main purpose of tnis program was to demonstrate feac-

ibility by obtaining baslec recearch data, 1t will also be shown tha
substantial improvement of the system 1o now possible with the Infc
mation collected as a result of these tects.
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LIST OF SYMEOLS
Dynemic Pressure at the Rotor Disk (Lbs/Ft<)

Free Stream Dynamic Pressure (Lbs/Ft<)

Inlet Dynamic Pressure (Lbs/Ft?)

Dynamic Pressure at Exit Nozzle (Lbs/Ft2)

de - Q4

Rotor Disk Area (Ft?)
Inlet Area (Ft€)

Exit Nozzle Area (Ft?)
Rotor Dismeter (Ft)
External Drag (Lbs)

Thrust when doors are 100% open &nd the model 1s in
the hovering conditilon.

Thrust vector obtained when doors are in any intermediate
position, including fully closed

Totel Pressure Head (Lbs/Ft2)
Input Yorsepower calculated from input torque
Horsepower required
Rotor Advance Ratio
Lift (Forward Flight) (Lbs)
Rotor Figure of Merit
Rotor revolutions/Min.
tatic Pressure Head (Lbs./Ft@)
Input Torque (Ft-Lbs) Measured at rotor hub

Volume of Ailr Flowing/ Unit of Time

Balance of Symbol's on Page 69 ,pull out when reading
text.

vii
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SECTION I. INTRODUCTION

The helicopter has evolved as the first practical demonstration of
a vertical 1ift device, but whose forward speed capabilitie: are
limited mainly because of compressibility effects at the tips of the
advancing blades and stalling at the inboard part of the retreating
blades because of high angle= of attack.

In order to extend the forward speed range of the helicopter, and
yet retain the vertical 1ift advantages, many ingenious ideas have
been advanced., Some of these ideas have been realized in the form
of actual full scale flight vehicles. At one end of the spectrum
are those devices which either utilize additional propulsion systems
or turn the propulsion system to obtain various modes of flight. On
the other end of the spectrum is the high speed jet type aircraft
with sufficient thrust to weight ratio which permits it to hover and
rise vertically. Transition to forward flight is usually accomplish-
ed either by rotating the fucselage or by rotating the propulsion
system and/or ducting the air through a 90° turn., Many other con-
figurations have becn evolved between tnese two extremes,

Since it is difficult 1o improve on the helicopter as a vertical

1ift device and, in the same sense, cince a wing 1s a very e[/ficlert
11t device In forward flight, a system was devised utilizin: both of
these approaches which it was felt would achieve transition from hover-
ing to relatively high speed forward flight with one power source and
no rotation of either the airplane or the rotor axis., .

The system so devised was in general to bury th: rotor within the
wing, wi:h the rotor shrouded in esuch a fashion that the air pascesn
through 1t axially regardles: of the flight regime of the aircraft,
In hoverinz flight, louvres in the top and bottom wing eurfaces are
opened. allowing air to pass through the 3hip vertically. To
accomplish transition, the louvres are cloced in a pre-determined
sequence and rotation of the thrust compcnent is obtained by a
change in the directicn of the airflow. In forsard flight, the air.
eccentially. enters at the leading edge, passes through another
series of turning vanes into the rotor, then through another serie:
of turning vanes and exits et the trailing edge. Thu36 the airflow
providing the thrust would be changed the necessary 90° to permit
transition from vertical fiight to forward flight, and vice-ver=a,
Figures 1 and 2 depict the flow path during hovering and forward
flight conditions,

Since no experimental o theorctical data was availabdble on which

Lo ta=e enpgineering ectimates. no specific performance for such a
venicle could be entirely evaluated,

UNCLASSH i
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As a result, the program now concluded was sponsored by the U. S.
Army Transporation Research and Engineering Command to obtain data
which could be used for an evaluation of the performance of such a
vehlcle.

The program was planred to follow three basic steps. The fipr:*~
portion covered a preliminary configuration analysls of the flying
test bed. Using the theoretical data obtained from this R ongint
the requl~ements for the wind tunnel test model were established,
The second portion involved the design, fabrication, and testing of
the model and analysis of the test results in terms of mcdel data.,
Finally. the test data was Interpreted in terms of test bed horse-
power required and forward veloCity attainabil e,
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SECTION II. PRELIMINARY CONFIGQURATION ANALYSIS

A. CONFIQURATION PLANFORM & AIRFOIL SELECTICN

Preliminary effort was expended in determining a feasible planform
geometry for the overall configuration. Tailless and conventional
configurations were analyzed in conjunction with rectangular and
delta #ing planforms to determine subsequent power requirements.

For the tailless configuration it was necessary that the rotor axis
be on or near the c¢.g. for hovering trim, ar. that the wing a.c. be
on or aft of the e.g. for Torward flight. Incorporation of rectan-
gular planform would necessitate excessive wing areas to satisfy
the above two requirements. This results from the fact that the
centerline of the rotor is placed at approximately the 25% chord
which means that the rotor occupies 50% of the wing chord. The
remaining 50% of wing chord, and its correspondingly large area

are just to stabilize the ccr“iguration.

IN//00/4

STAEILIZING k

FORWARD __ U _ - AREA AFT
i
/ 50%
264 CHORD CHORD

An increar« in wing aspect ratio will be acconpanied tyv a degir-
able rearwvard shift of the u.c., but would be offset by the in-
creace in wing erea and a corre-ponding Iincreare in power require-
menta.,



77108 0-53M

A similar relationship can be shown tc wxist for the delts wing plan-
form. An inherent advantage of this type of planform is the more

aft location of the a.c., however, assuming the inlet geometry re-
Quires that the rotor circle be inserited in a square whose front
corners cannot protrude beyond the wing's leading edge, a further in-
crease of the ratio of wing to disk area results.

The weight and power requirements necessary for this type of config-
uration suggested its abandonment in favor of a more conventional
layout consisting of a wing and separate aft-mounted stabilizing
surfaces. A few of the more notable advantages of the tailed con-
figuration over the tailless design are:

1. The ares required for stabilizing purposes need
be only one-fourth the wing area,

~

. The power requirements for hovering are consider-
ably less,

3. A proportionate decrease in gross weight and drag;

4. A more convenisnt location of the c.g. and rotor
center on the wing chord.

It 1s believed that the thick airfoil section necessary to house

the rotors, ducting, and engines will not be appreciably detrimental
in drag. PBecause of the flow thrcugh the airfoil it is fe % that
the drsg wake will be appreciably changed to yield a total drag less
than would be realized if there were no flow. It is further be-
lieved that a thinner airfoil section with flow would not yield a
total drag much less than that of a much thicker section with flcw.

B. FSTIMATED PERFORMANCE

The performance requirements for the flying test bed were deter-
mined based on obtairning a maximum speed of 200 MPH at an altitude
of 6,000 feet. Dual-rotor configurations of aspect ratio 1.55 were
considered throughout the study. Rotor diameters from 10 feet to

25 feet in diameter were investigated, but in each case the rotor
housing was of minimum size to house that pair of rotors. A propul -
sive efficiency at 200 MPH of 0.65, as estimated by internal flow
analysis for these conditions, permits presentation of power require-
ments in terms of grone or inctalled horsepower,

Figure 3 presents the curves of hornepower required to hover at
varying gross weights for three rotor diameters. These curves are
bared on the assumptions that a noninal figure of merit of 0.65 can
be attained. With prover blade design this efficlency will not re-
duce with increa:ing rilsk loading.

Figure 4 presents the groses horsepower required tc meet the forward
flight requirements for rotor diumeters from 10 feet to 2¢ feet 2
three wing loadincs, This curve is based on the ascumption that all

JNCLASSIFIEB
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v
the necessary aerodynamic 1ift is produced by the rotor housing at
cruising speeds.

From tl.se curves, a curve of allowable gross weight in hovering

can be computed based on the power required for a forward flight
speed of 200 MPH, Figure 5 presents this analysis in solid line
curves. Superimposed upon the allowable 1ift curve is the esti-
mated test bed weight curve. It i1s seen that a deficiency in hover-
ing 1ift occurs at below a 14.5 ft., rotor diameter because the horse-
power required to hover exceeds the forward flight horsepower while

a surplus of 1ift occurs above this diameter.

The Convoplane concept is intended to present a shrouded rotor op-
erating at or near normal helicopter disk loadings, but capable of .
higher maximum speed. Hovering load carrying capabilities at rotor
diameters in excess of 14.5 ft, are higher than the nominal weight
when power 1s limited by forward flight condition.

As determined from Figure 5 the load carrying capabilities at hover
for a 18 ft. diameter rotor will exceed 30¥ of the nominal gross
welght. This allows the versatility in operation considered desir-
able by the military.

C. PROPOSED FLYING TEST BED

The wind tunnel rodel was based ¢ the preceding configuration
analysis. The results and conclusions of the wind tunne) tests are
presented in Sections IV and V.

Essentially, the characteristics established in paragraphs A and B
are still the primary goals for the test bed, but based on the pro-
pulsive efficienciee obtained from tne current wind tunnel tests, a
vehicle capable of 145 MPH is feasible instead of the 193 MPH pre-
dicted. This of course assumes nc further internal flow improvement.

Figure £ showvs the predicted forward speed based on theoretical pro-
pulsive efficiencies, and the forward speed obtained on the basis of
efficlencies derived from test results.

Table 1 pives an estimated weight breakdown for the test bed and
Firure 7 1s a three view drawing thowing the general configuration
of the test bded.

The peneral specifications recommended for the flying test %“ed are:

Span - 41 re,

Rotor Dia. - 18 rt,

No. of Passengers -2

Estimated Weight - 759% 1bs.

No. of engires - 2 - TS%-0E-% 1050 5.H.P, es.
Forward speed - 145 - 193 MPH
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TABLE I
PROPOSED CONVOPLANE TEST BED WEIGHTS
ITEM : WEIGHT (Lbs.)
i. Engine Jectilon 1569
(Engines, mounts, shafts, cooling ducts,
lubricating system, fuel system, rotors)
2. Fixed Equipment 114
(Inatruments, controls, communications,
furnishings)
A iStructiiee
a. Tall Group 487
(Horizontal tail, rudders, booms)
o Body Group 1591
(Allerons, crew pod, rotor support
booms, leading and trallilng edge
beams, center section, tip ribs.)
c¢. Body Group (Cont'd) 2577
(External skin and fairings, doors,
door operating mechanism. turning
vanes, rotor ducting)
T Landing Gear 120
e. Pay Tord 1140
(Crew,\fuel. oll, cargo (test
LR LG
TOTAL 7598 1bs,

T7-108 {i-53)m
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SECTION I1II. DESCRIPTION OF WIND TUNNEL MODEL, TEST EQUIPMENT
AND WIND TUNNEL TESTS

An attempt was made to design a model which would contain a large
degree of flexibility in order to yield sufficient test data which
would permit the necessary variables to be evaluated for the even-
tual design of a flying test bed. -

A rotor system was incorporated that was capable of simulatirg the
use of either single or multiple rotors. In each of the two rotoers,
either single rotation or counter-rotation could be used. The roter
hubs were so designed that a minimum of two blades or a maximum of
six blades could be installed, thus permittirg the evaluation of a
large renge of rotor solidities. Collective pitch change of the
blades was provided for in the hub design in order that various blade
angles could be investigated.

For simplicity of construction, the cross section of the blades was
of & Clark Y shape with constant chord. A varying twist of 19° from
root to tip was incorporated.

In order to assure axial flow through the rotors at all times, a
set of turning vanes was installed both above and below the rotors.

A series of moveble doors or louvres were placed in the upper and
lower wing surfaces above and below the turning vanes. Thece doors
were adjustable from full open to full closed. The power system
consisted of a hydrauliec motor driving through a gear box and timing
belt arrancement to the rotore

The instrumertation for evaluating the internal flow cheracteristics
consi ted of total head and static head tubes placed throughout the
model, They were irstalled In the inlet at the front of the model,
arove the re*ors, below the rotors, at the exit in the rear of the
mo'el and on ‘he upper and lower doors. The press..es were either
picked up on manometer banke or through a scara-valve Into &n or-
cilloegraph.

Torque measurements were taken from strain gaugen mounted in the hub
of each rotor and recorded cn an oscillograph. The strain gaugec
were mounted so that the torque imparted to each rotor did not in-
volve the hycraulic motor or gear box. Much of the data was then
taken from the o=cillograph tape and procecced through IBM machirers,

ﬂwujsmﬁﬂi
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Figures 8 through 17 show the model, 1ts components and the instru-
mentation arrangement. - - 25

The wind tunnel program was divided into two parts. The internal
flow evaluation was made at the Goodyear Alrcraft 43" by 617 wind
tunnel . while the force measurenents or external flow evaluation was
made at the Unilverslty of Detrolt 10' by 7' wind tunnel. The rea-
son for this was the deslre to test the largest possible rotor

clze, whlch was too large for aserodynamic tests 1In the GAC tunnel.
Since the conflguration was not considered optimum, no attempt was
made to evaluate 1t as such. The main effort was expended in try-
ing to determine how the model reacted to different modes of flight.

Several arblfrary decislons were made 1n designing the model. When
the doors or louvres were full open, 1t was assumed that the rotor
acted 1in a manner similar to a hellcopter in the hovering condition:
drawing alr from above through the rotor. When the louvres were
full closed, then the alr had to enter the rotor from ar inlet in
the leading edge of the wing and leave at an exit 1n the trailing
edge. Arbitrarily, the Inlet was mnade 25% of the rotor area and the
exlt was made 60% of the Inlet area. By leaving the doors above and
below the rotor open at partlal settings, 1t was possible to obtaln
almost any ratio of inlet and exlt area desired.

Some of the pertinent data for the model 1s as follows:

Span 41.00 .nches
Chord ol (SR s (ed VT sER
Wing Ares LiEE-50 dnenels 2
Fotor Dla. 16,00 1nches
Rotor Area/Rotor 1.765 Fte
Inlet Area e pEs
Exit Area 204 Fte

LA il A - R R
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SECTION 1V, DISCUSSION OF TEST RESULTS

A. INTERNAL AERODYNAMICS

In the QAC tunnel, the internal ducting was the only item under con-
eideration and the tunnel acted only as a source for ram air. The
tests were divided into two parts. Part one covered hovering flight
conditions and part two covered forward flight conditions., The
results of the hovering flight tests will be discusred first.

Since the air flow through the Convoplane in the hovering attitude
encounters a set of doors and a set of turning vanes, both above

and beneath the rotors, it was necessary to d-termine the penalty

pald for this flow condition, At the same time it was desired to
evaluate the effect of various rotor configurations. Therefore,

rotor configurations consisting of A) 2-blades-single rotation,

(B) 4 blades-single rotation and (C) 2-biades-counter rotation were
selecved, FEach of these configurations were tested $n turn with turn-
ing vanes and doors in; turning vanes in, doors out; and turning

vanes and doors out,

Actually, rotor configuration (A) was necessitated by the fact that
the model tests conducted at the University of Detroit were done
#ith 2-blades-single rotation. This was a result of blade damage
suffered at the beginning of the teast program and the ract that
replacenent blades were not available in time to instrll for fur-
ther testing. In order tc get correlation between the tests at the
University of Detroit and GAC !t was necessary to include this con-
figuration on the GAC schedule,

Using the results of the tests conducted at the University of Detroit
&c a guide, 1t appeared that a blade angle setting of 10° produced
the Lest results. A few preliminary runs at blade angle of 15°

and ©.59 verified this. At 15° § reduction in effectiveness of
the rotor was apparent and at .50 high enough disk loadings were
not possible for th: rotor speeds used. It should be pointed out,
however, the blade angle of 10° may not be optimum, but di4A yield
data representative of the rctor performance. When spea' ing of
blade angle setting in thi- report, this will be the angle at thre
75% radius of the tlade.

Figure .2 shows power loading vo disk loadine values obtained at a
tlade angle csetting of 10° with doors ard vaner in for the three
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rotor configurations., Figure 19 is a similar curve with doors and
vanes out. lio curve appears for the doors out. vanes in conditicn
because analysis of test results showed that less than 2% differ-
ance in disk loading and power loading was obtainadle and it could

be concluded thet little penalty was suffered because of the pre-
sence of doo~s in the path of the air flow during hoverirg. Through=~
out the range of disk loadings tested less than one pound per horse-
power had to be sacrificed for the presence of both the doors and
turning vanes with the turning vanes making the principle contribu-
tion to this penalty. .

1t appears that for the range tested, increasing the number of rotar
blades from two to four blades shows & slight improvement in the
power loading vs disk loading curve with a more substantial improve-
ment appearing when counter rotating rotors are used. It should be
pointed out that when counter-rotation was used, both the upper and
lower blades were set at the same blade anzle. This reesulted in the
lower rotor absorbing approximately .9 the horsepower of the upper
rotor. Improved performance could probably be obtained here if

the upper and lower blade argles were chosen 80 that both rotors ab-
sorted equal amounts o horsepower.

AL this time a word should be said about torque readings. Through-
out the test program, torque readings were taken at the rotor hubs.
The readings appeared Lo be quite consistent for any psrticular
blade angle setting and RPM combination regardless of whether the
model was in hovering or forward flight with or without the tunnel
operating. In other words, any particular combination of rotor
blade angle and RPM gave, for all practical purposes, one readirg
for the range tested, Figure 20 is a plot of horsepower Vvs RPM

for the three rotor configurations used and reprecent the horse-
power values used 1in calculating power ioadings and efficiencies

{n this report, This was perminsible since it appeared that the
rotor: were oblivious to the flight attitude of the system,their
power requirements being dictated by their particular setting.

Trhe disk loadings and power loadings were obtained in the following
manner,

1. q values measured beneath the rotgr when averaged yielded
the di-k loading directly in #/rt

2. T e hovering thrust _wa? defined by T= Aq where A= roter
dirk area: qs#/!'t."’ of disk area,.

2, Power loading wac then obtained by dividing the thrust in
pounds by the horgepower calculated from the torque for trhat
particular setting,

L., Horrepower war calculated from the standard equation,

') -v:“,' e = 0 oY YN

UltbLAOIN Ll
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"P'Qgﬁm . .where Q= Torque in Ft. - 1bs.

Forward flight conditions were investigated using a two-blade-single
rotating rotor and a two-bladed-counter-rotating rotor configuration.
Time did not permit any forward flizht tests involving the four-
bladed-single rotating arrangement. The purpose of the forward flight
tests was to determine the overall propulsive efficiency of the pro-
pulsion ystem and to determine the internal flow efficiency, which
accounts for the losses due to the presence of the turning vanes,
rotor, inlet. exit, etc., The tests were ru» over a range of Vn

values from .24 to 1.20. The tunnel speed Vo ranged from 30 MPH to
140 MPY, rotor speei was from 5000 to 10,200 RPM, depending on the
configuration used,

Figure 21 shows a plot of efficiency ('\) ve_gg_for a 2-bleded

dﬁnglo rotating rotor. Maximum overall efficiency with this con-
figuration ls about 15.5%, The efficiency of the internal ducting
gy=tem appears to abount 18,54, The low efficiencies for this par-
ticular rotor configurstion wase expected, since the entire propul-
eion svstem was designed on the bas's of a 2-bladed counter-rotat-
ing configuration. As was mentioned earlier, it was necessary to
test this configuration in order to obtain correlation with the
University cf Detroit tests,

Figure 22 shows @& plot of efficiency ve Vo for a 2-bladed counter-
ND

rotating rotor. It will be noted here that the overall propulelve
ef{iciency shows a marked improvement, being about 30.5% while the
intermal flow efficiency is about 35T,

Since the configuration tested did rot represent optimum, the
efficiencies obtained demonstrate the feasibility of thir propul-
sive concept. It can be implied from these two curves that when
the optimum arrangement is obtained much better efficiencies will
be available,

During transition from hovering to forward flight,intermedlate door
openingr were arbitrarily chosen, These were in terma of ¥ ot dink
area. Tae first condition was 75% of the disk area and the second
507 of the dick area, Figure 23 represents a relationship between
the forees vestor obtained in hoverins and the force vector obtained
f+om any incermediate door opening to doors fuil closed., The colid
1ine of Figure 23 represente the relationahip when the doors were
programmed ae outlined above, A sharp drop off wans obrerved down ‘o
t1 e 757 setting, then a more yradual drop from thi~ point to the
doors full slcoaed condition,

UNGLASSIFIED
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Earlier in this report it was mentioned that total and static head
tubes were located in the model at the inlet and exit, and before
and after the rotors. Figure 24 shows the location of these tubes
as they appeared in the model. Figures 25, 26, and 27 are examples
typifying the prescsure distribution across the inlet above the rotor,
below the rotor, and at the exit, Figure 28 11 an example of the
type of pressure change that occurs through the ducting system as
blade angle of attack is changed, Figure 29 shows a variation of
pressure with power input. Examination of the curve shown in Fig-
ure 28 shows agreement within 5% of the volume of air flowing
through the inlet as compared with the volume of air flowing out of
the exit., The ~ame is true of the flow through the upper rotor as
compared with the flow out the exit, It {1 when the flow below the
rotor is compared with the exit flow that a discrepancy appears,
Here the correlation is only within 307, Based on trese te:t results,
1t appears trhat the lower rotor blades are not fully effective at
the tips. Assuming, for a momeni this is the case. a calculation
was made in order to determine the effective area. It war found
thet the blade -adius of the lower rotor could be reduced by app-
roximately cne (1) inch, This in turn would permit the ducting
~hape to be modified, If further testing proves thi: condition to
sctually exist, the propo-ed modification should also recult in a
more efficient power input,

¥igure 25 shows that the pressure Jdistribution across the inlet and
exit is reasonably good. Examination of Figures 25 and 27,chow
that the pressure poirt readings across the rotors, both above and
relow i somewhat erratic. This was probadbly due in part to some
faulty pr~essure taps, but 1t is believed that most of the cause
could be attribu‘ed to the fact that the model was not operating
at the optimum blade setting and that the optimum arrangement for
the turning vai ;) was not established as yet, Due to the fact
trhat a larve portion of the pressure instrumentation was dectroyed
by blade damace this area was not investigated further. Since de-
cermination of feasibility was the main objective, temporary pres-
sure taps were later placed beneath the rotors in order tc obtain
sufficient data for analyzing hovering flight.

As previously m.ntioned,?lpure 24 1e a diazram showing the location
of the p.easure tubes in the model, Since the velocity in a duct
1s seldom uniform across any section, and since a static and total
tube indicate velocity at only one location, a traverse i: ue-
ually made to determine Lhe average velocity so that flow can te
ccmputed, In general, tre velocity 1s lowe3t near the edger or
corners, and greatest at or near the center., In the case ol a
cireular duct it was recommended that not lese than twenty be u-ed
along two diameters at centers of equal annular areas. Recaure of
the unusual amount of additioral egquipment in the ducting, it wa~
belleved that additional traver-es at 45° would be advantageou:.
In determining the average velocity in the duct from the reading:s

A ———— . —— -ii
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given, the calculated indivicfual velocities or the square roots of
the velocity heads muct be averaged. It is incorrect to use the
average velocity head for thies purpose since a square root relation-
ship is involved in this calculation. Therefore, the dynamic pres-
sure q was determined as follows:

Qavg., = ‘H‘.'Fl > ‘“2 -P2 &+ . .. 4"“:\”:32

vhere H=Total pressure
P=Static preusure

In the brief time remaining in the test program, it was desired to
run a few check points in order to demonstrate that improvements
could be made in the forward thrust, when the doors were fully clon-
ed, and that a more advantageous door closing progrem could be ob-
tained that would provide a laigcr available force vector during
transition.

Since a large number of door settings relative to each other result
in a given percentage of disk area, these settinge may be quite
arbitrary. S0 two intermediate points were once more picked, The
doors were erch set 20° and L0O® from the full open position which
gzave 837 and 55¢ respectively for the door open area to disk area,

The dotted line in Figure 23 represents the change 1n_F¥6801ue. It

«111 be noted that a more advantageous condition was created down
to the 507 position. 1In order to imp~ove that region between 50%
and full closed, it was decided to attempt to show that the forward

‘ight condition can be improved, Definite improvement was shown
when the counter-rotating configuration was ured, Further analysis
of the flow conditions beneath the rotor showed that a starved con-
dition appeared at the aft end of the rotor. Since it has been
theorized that this conditior might exist and that it might be
necessary to opera‘e at all timas with sone of the aft doors open,
the last three doors were partially opened. An immediate increase
in thrust was noted, The improvement by changing the rotor config-
uration and the last three door openinge is shown by the dashed line
in Figure 273,

Au previously mentioned, rotor tlade damaze occurred during test
cperations at both the OAC tunnel and at the University of Detroit
turrel. Chronologically tre fallures occurred a~ follows:

1. At fBcot-.ar A’rerat’t Corp, 1-9-5°

2, At Ocodyear Alreraft Corp, 1-14-5

77-108 0-3.3%
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‘ ‘
3, At University of Detroit 2-6-58

4, At Qoodyear A{rcrnrt Corp. 3-12-58

The procedure followed up to tre time of failure Number 1 was
as follows:

(a) Tunnel was brought up to speed and permitted to stabilize.

(b) The model was then brought to power and the recording of test
data started.

This procedure was decided upon prior to the beginning of test op-

erations because it was observed that the transmission had a ten-
dancy to heat up. It was on the seventh run with the tunnel op-
erating at 150 m.p.h. and the model being: Lrought to 7500 r.p.m,
that a sudden clattering wes heard such as when & rotating motaliie
object comes in contact with another cbject. Both the tunnel and
model were immediataly shutl down, Upon examination of the model,
1t was discovered that the one blace in the upper rotor was bent and
twisted and the other blade was damaged in a similar matter but to
a mush lesser degree. In addition, fifteen (15) of the thirty-two
(22) static tubes were damaged beyond repair. After analyzing the
situation it was decided that by using the method described for
bringing the tunnel and model to d that an unusual loading con-

dition was placed on the blades wh ch caused excessive deflectione,

It was then decided to reverse the procedure, i.e,, bring the model
Lo power then start the tunnel. A close chack had to be maintained
en the transmission because of the hecting problem, but au %“ime

ually reduced. This meth-
od of operation proved to be successful and was used threcughout the
remainder of the test program.

Fa'lure Number 2 occurred when the eirecuit breaker controlling the
hydraulic pump kicked out, causing tne moiel r.p.m., to suddenly drop
pbe‘ore the tunnel could be stopped. This, essentially, set up the
sane conditions as those which occurred at the time of the first
fallure. Again the two blades in the upper rotor were badly dam-
aged and another quantity of »ressure probes were also damaged. At
this time, it became nece:sary to cea-e test operations at GAC

and transfer the model to the Univerasity of Detroit. The two sul-
sequent blade tfailures occurred because of foreign metter passing
through the bleadc® and were not caused by any operational procedure
or inherent feature of the concept itself. One substantiating bit
of evidence that none of the blade fallures were due to any inherent
fault in the concrpt was the fact thet no damage was suffered by

the blades in the uninstrumentad helf of the mcdel., Both rotors were
identical in terms of construction and blade arrangement. The
difference lay in the fact that it wes necessary to instell pressure
measuring instrumentation close to the plane of the rotors, and

that this was done on one Lalf oi “he model only, "he iratallation
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of the instrumentation reduced some of the clearances that normally
, sould have been present and which were present in the uninstrumented
half. On the basis of this evidence, it has been econcluded that
the blade fallures occurred because of test operatjonal procedures
whieh induced unusual loading conditions on the blades, and by
' foreign matter present in the tunnel passing through the blades.
The blade failures did not occur because of any fault in the con-

cept. y

The curves of Figures 21 a.d 22 were developed from the following
.unnlyticul approach,

Jet efficiency was defined as

',u = 2 Vg  where Vo = Free Stream Velocity
Vo + V3 Vy = Jet Velocity

\' 2 where Tunnel Dynamic Pressure in
3 Ei‘:_;ﬂo W= res :
9= q, - q

Qe = Dynsmic pressure at exit
nozzle in #/Ft2

qy = Dynamic pressure at inlet in

#/F72
Internal flow efficiency was ;‘iven by

“* %

where Qpwhg Veand Ag « Exit Nozzle area
in Ft°

V., = Velocity of a‘rstream at
the exit nozzle

Veziggag'

cverall propulaive efficlency

n\ . T(.J x ”\l
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Qe = (‘H. & " * ot b ‘i; . -’n 2
0 . -

H = Total Head in #/Ft2
. P = Static Head in #/rt2
The curves in Figure 23 are based on the following definitions:

F100 = Thrust when doors are 100% open and the model is in the
hovering condition.

Fn = Thrust vector obtained when doors are in any intermediate
position including rull closed,

F =~ Thrus* vector obtained in transition ~
7100 Hovering thrust

B. EXTERNAL AERODYNAMICS

The same model that wes tested at the Gocdyear tunnel to obtain

the interral flow characteristics was taken to the University of
Detroit wind tunnel to investigate its external force properties.
This model was a flexible configuration capable of simulating vary-
ing flight conditions., Modifications were possible in (1) rotor
blade angle,@ , (2) Variation of inlet and exit area by varying
top and bottom doors, @. and (3) Variation in rotor power and RPM,
When mounted in the tunnel further variations in angle cf attack
and forward flight speed could be simulated. .

The scheduled test plan was based on two weeks of data collection,
however, due to the long in-tallation and a model blasde failure, the
actual data collection time was reduced to one week. The model blade
faillure also required a change in the preplanned blade configuration
from coaxial operation-4 blades to single axial operation-2 blades.
This change sericusly effects the blade activity factor as well as
permits higher rotational losses. Because of the extensive number

of variatles and the complexities in model changes, only a small
portion of the anticipated points could dbe run. Op the spot modera-
tion of the test runs was relied on to assure coverage of the mosti
effective parameters. As a re~ult of this situation it was necessary
to choose between running in or out of ground effect aithough bdoth
were scheduled. Since ins‘allation of the ground bdoard would have
resulted in further delay, it was decided to 'un out of ground effect.
Upon return of the modeél to GAC where further internal flow tests
were conducted, it was possible to obtain l1limited data in the hover-
ing condition in ground effect.

lﬁ
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The ratio of ground distance to rotor diameter Z used in obtaining

D
this data was .77. Analysis of the data revealed that the rotors
operate more efficiently in ground effect as shown in Figures 30
and 31, but sufficient data was not avallable to correlate this
effect with the external forces acting on the model, since use of
the force system in the GAC tunnel was not possible. It 1is, there-
fore, concluded that more complete tests will be necessary before
any trends or significant conclusions can be established.

The measuremente taken at the University of Detroit were the 11ft,
moment, the resultant horizontal force ¥TH-DH). and rotor torque.
Investigations were also made to evaluate the effect of some minor
componenia (1) Hovering with and without the doors was investi-
gated, 2) In forward flight the effect of vanes doors) vs, plates
was obtained. (3)A tail-on, tail-off run was made to evaluate

the effect of the installed tail. (4) Special runs wers mede to
obtain the drag-1ift polar at high speed, without model power,

During the initial testing it wes found that the magnitude of
thrust obtainel was far less than expected cue to the limiting fac-
tors menticned above. Since negative thrusts were not a realistic
flight cond.tion, the tunnel velocity was limited to a speed at
which(TH-DM)w.s only slightly negative. A tabulation of the test
runs investigated at the University of Detroit are presenteud in
Table II, Figure 32,

Reference 7, which was used in the following evaluation of the
external tests, i: a factual presentation of measured values ob-
‘alned in the Univer:ity of Detioit wind tunnel. o

1. Polars

To appraisc the external efficlency of the unpowered model, 1irt

and drag weasurements were made to develop the polar curves fer the

eyctem, These runs were made without model power and with plates on

to repre-2nt the doors in the closed position. The inlet and exit

were no. faired in, so that deta obtained can only be viewed from

the standpoint of what would be happening under gliding conditions.

Drta was collected at two forward flignt velocit?ea of approximately

S0 and 100 MP!, Figures 33 and 3% show the curves developed from

the measured data. Ineluded for Jonparison are two conditions ueing

medel power, 1t can be seen that with the application of power, in- }
creasze of 14f* and decrearer in drig can te expected, The sutstant- {
ial change In forces shown may be a:tributabls in part to free atream

flow e«xi:ting in the internal system. thus changing the drag. There

488 not cufficlent time to investigate the effect of directing the '
exit flow into the wake of the mode). Past experience with similar

in-tallations of tri: nature have indicrted that substantial improw 7
ment in the 11ft and dreg of the bod” can be realized 1if clore
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]

attentlon 1ig pald to feeding the exit flow into the wake. Thils
could probably best be done by a form of varlable area exit nozzle.

Due to the complexity of eliminating the ftare drag of the mounting
system from the tunnel measurements, no corrective runs weré made.
Instead an approximate tare drag was computed for the strut system
wlth Increases applled for the interference effects. A tare correc-
tion of .08> was used. The polar curve based on a corrected Cp is
gshown 1n Flgure 35, Although the curve as presented does not re-
flect a highly efficient 1ifting surface, external modifications
willl prove beneficlal 1n Increasing the 1ift, whlle powered operat-
lon wlll have the effect of decreasing the true external drag, thus
Improving the efflelency of the external lifting surface.

A speclal test run was made to evaluate the effect in drag of plates
ve closed doors. This condition would occur at high forward speeds.
It was found that when the doors were irn place the drag was reduc-
ed slightly over the drag of the smooth plates, possibly due to
leakage of alr 1n and out of the system, which created some boundary
tavenTcoptrol,

2o Hovering

shown  in Fipgure 20 are the results of the hovering flight analysis.
The . direct Tift sreadipge ohtalined during theitesb - were divided. by
the model disk area to yleld an operating disk losding T/A. During
each test run, measurements of torque on the rotor shaft were taken.
Presented in Figure 37 18 the measured torque represented as model
horzepower varylng wilth RPM and blade angle. From the measured

11ft and horsepower the power loading T/HP can be obtalned.

From Figure 36 1t can be seen that the configuration tested exhib-
its reasonable hoverling capabllitles at optimum dilsk loadings. Good
hellcopter rotor design 1s expected to yield f{'igures of merit in

the order of 0.7.  The configuration tested 1ls yielding an M=Q.5.
It was necessary at the onsget of the University-of Detroit tests

to modify the rotor configuraftion from four blades - coaxlal, and
counter-rotational to two blades single rotation. Increasing the
sctivity factor to two, four or gsix blade operation and including
co-axlal operation of both rotors to reduce retional losses,

could increase the fipure of merlt to between 0.6 and 0.7 at optimum
disk loadings. Thils hovering efficlency if reallzed should bring
the attalnable value to that assumed in the proposed test bed deslgn.
Although the model test indicates that a decrease 1n hovering efflc-
lenciles occurs with increasing disk loading, this decrease in eff-
iciency which lncreases the power requlred, can be compensated for
by arn 1ncreased number of blades with optimum blade design.

A specilal run was made to evaluate the effect of having the doors
in the flow during hover, Comparing runs at high blade angle, re-
moval ot the doors increased the obtalnable 1ift approximetely 5%.

~ This value shows good correlation with the results obtained from the

internal flow testis.
18
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3. Forward Flight and Transition

From the 11ft and resultant horizontal force, Ty-Dy. obtained from

the University of Detroit force tests, a picture of the forward flight

and transition history can be determined. The resultant force,

(TH-Dy) when plotted against veloclity (q) yields the speed for equilil-

brium flight (A) and from the 1ift vs velocltyythe 11ft obtained for
that flight speed mav be determined (B) . Since no tare drag measure-
ments were made at Detroit, an approximate correction to account

for struts and interference was made and applied to the (TH-DM}
curves,

. 8,9
(A) (B)

ST R R = — b | b

After searching the recorded data and plotting all continuous
readings as above., a tabulatlion of equllibrium conditions can be
made for each blade angle € at constant e showing equilibrium speed
and 11ift at each door opening ¢ and rotor RPM. The OF T e TS A S
efflcients for this determination was abandoned since C1, becomes
Infinite as velocity goes to zero. This would indicate an abnor-
mally hilgh horsepower in the Enanzit shaRilinht range. Knowing
the model disk area, a plot of RPM vsg disk loading can be made from
the tabulated data (C). Since some door openings were not tested a
cross plot of the above curve was used to determine the dotted liine
opi e SRIPMS e

[RPA]
\ CROSSPLOT

(D)

/A 74

From the uabulated‘equilibrium data a plot of velocity vs RPM can
also belmade” (B). Superlimposed upon this speed chiart are curves
af const?ng disk loading or 1ift as ovtalved from the curve of T/8
vs RPM, (F
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During the tests at The Unilversity of Detroilt, values of blade
torque were recorded and later {ransferred to rotor shaft horse-
SoNEr ST SRE P e s SR O st R R e e OB & heU D e Al e A e RS ThE
rotor, HP curves can be determlned for the test bed.

”hown jn'Figureu 38 (a) through 38 (d ) are the fitted variation of

um po¢mtg. $ince the bzcateut number of continuou meaouwementm

were made at an attitude of -5°, all analysls 1s based primarily

on this condltion. A check of Lhe gcattered points collected at
other rotor attlitudes shownd that some improvement 1n power re-
quired could be reallzed but these savings would oceur at less de-
sirable flight condlftlons.

The devloped horsepower vs veloclty curve Filgure 39 1s expressed

In full scale test bed horsepower. This scallng of horsepower from
the model to full scale can be done by assuming that the model

and full scale power ccefficlents are equal. This ylelds a power
scale effect varying as the rotor dlameters squared.

P full scale = HP model |D full scale] 2
D model

The resulting curves Filgure 39 indicate higher horsepowers than
the pvelimlnar* design had anticipated but shows improved speed
capabllities with lighter disk loadings.

An attempt was made to vorify the reason [{or such hilgh horsepower
requlrements by calculating the propulsive efficiency of the system,
The propulsive efficiency is found by determining the power absorb-
ede=bysthe-air-and. ¢ivdding 3¢ by -thallipower-supplisdsto the‘rotors

The power 1nto the rotor was measured in termeg of torque on the

rotor shaft during the wind tunnel lest, These measurements are
presented in Figure 37 in terms of blade angle and RPM.

; o A R i i, "
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In evaluating the power absorved by the air, thrust and veloolty
are requlred to compute horsepower. Measurments during the wind
tunnel test did not evaluate pure thrust and drag but rather vielded

the resultant horizontal force component. An estimate of the thrust

can be gotten from the static conditions 1f 1t is assumed that the
thrust did not vary with MENO CHvR RN assumption was determined
to be somewhat optimistic since from the internal flow studies the

thrust of the system ap~~ared to decrease somewhat as speed increaned.

From the curve of thr ‘mriation with veldcity, statle thrust and
equilibrium velocitic .a. be obteined to determine the power ab-
sorbed by the rotor at various flight conditions.

Figure 40 presents the results of the calculated propulsive effici-
encles. The deviation seen in the model efficiencies from that as-
sumed in the estimated performance (Qz(3.55), explains part of the
resultant high power requirements,

The speed increase due to llghter blade loadings are reasonable
since the rotor can supply more thrust into SPEETNa CTer =t AT sAT i,
Any extension of the solid line presented in the figure 1s limited
in two ways. First, the rotor inlet area variation in testing was
1imited to a minimum of 25% inlet to disk area ratio: somewhere be-
vond this closure rotor blade starv'ng will occur and the horse-
power willl increase radically. Second, rotor tip losses will occur
as tlp speeds are increased over approxlimately 12,000 RPM. This al-
#0 willl result in an increase 7 Jio Ik

Flgure 39 represents the optimum operating blade angle for any disk
loading. At lower disk loadings the curves for the Convoplane re-
flect a trend toward the typical hellcopter operation, At higher
loadings serious increases in horsepower occur durlng-transition.
At the time of the test arbitrary door sevtings were established

to agree with those that were used in the previous internal {low
studies, Mo attempt was made to optimize the door setting 1n order
to see the Improved effect on the force data. With a more thorough
investigation, studydng flow and forces, the horsepower during tran-
cition should be reduced and the curves approasch those of a typlcal
hellcopter,

b, Stub Wing

With modification to the Conviplane test bed to optimize the in-
ternal and external flow, the system car be expected to exhitit 4im-

proved horsepower demands with speed. The optimized curves of horse-

bower vz veloclty, however. will stil1l zeflect the, trend-of Flgure
33. A reduction in rotor loading will improve tl.- speed potential
of the vehicle,

To assist 1n the unloadlng of the rotor, aercdynamic surfaces might
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be utilized. All movable stub wings attached to the tlps of the
rotor housing would affect this task. These wings should be op-
erated at near maximum 1ift in order to reduce the cpeed at which
they become effective. Operating at these 1ifts the wing absorbs
higher power than 1{ operation were et (L/Dy) max, but in comparison
with the rotor power the wing demand 1s relatively low.

To appreclate the effect of a stub wing installation two wings

of an aspect ratlo of 3 were theoretically applied to the test bed
conflguration. Wing areas of 300 and 500 zq. ft. were applied to &
confilguration having a grogs welght of 7600 pounds, -

Wirg Area 300 Ft° 500 ft<

T/A Lift (Stub) Vel (MPH) HPgrreq'd || Vel MPH HPn Req'd

15 (completely loaded rotor)

10 ZoN0 i U6 by L3 36
8 3530 SYSTON P T SR 58
& 4550 o) ML 59.8 88
Y S5AEE 85,2 156 66,2 ALpadir
=2 6582 92.6 197 ‘g 153

Typilying the horsepower requirement above 1s the followlng curve.

~— AVATI,
Mm/
T/A

1
HD A

-+ HP: REQD BY
b srlis wing

Vo
5, Longitudinal Stability and Control
As seen b, ~ference to Fipure 41, the model with horizontal tail
exhlbits at any flight condition neutral tc static negative piltch
etabllity, This bthen indicates an additlon to the horizontal tail
area or an increase in 1tz tall length is in order. Of zreater con-
cern however, 1s the lack of ability of the exlsting horizontal taill
to trim-out the pltching moment. Flgure 42 chows the pitchirg mom-
ent of the model with horizontal tall for equilibrium 7light con-
ditions, i.e.. when 1ift equals welght and thrust equals drag. From
the llimited tall-off wind tunnel test data, and an estimate of the
maximum 11ft co-efflclent of the horizontal tail, the pitching mom-
ent capabllity of the horizonta® taill 1s defined in Figure 41 as
well. Those operating conditions below the capability curve can be
trinmed out in pltch: that area above the curve 1ndicates the de-
ficlency of the horizontal tail.

“hic brilef analysis of pltch stabllity and control indicates that
further effort muct be expended. primarily by means of wind tunnel
tests, to achleve satisfuclory characteristics over the entire flight
regime.
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SECTION V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

From the work accomplished co far, it may be concluded that a small
penalty 1s being paid for the presence of doors and turning vanes
in the vertical airflow. Despite this, hovering efficiencilen app-
roaching that of helicopters are belng achieved,

In the forward flight regime ‘the rotor appears to suffer no adverse
flow: therefore an arrangemernt of rigld rotors with collective
pitch control should produce reasonable forward flight jOE BN il eRal »

It has been demonstrated that the buried rotor-shroud arrangement,
which 1s the nerve center of the Convoplane concept, provides all
the necessary flow conditions through turning of the air to produce
hovering, transition and relatively high forward speeds,

It has also been demonstrated that with adcitlonal work the effici-
ency of the propulsion system can be greatly improvi:ad The wind
tunnel model selected for thig invegtigation has the Elexd b il ty
nececsary for the collection of Basie information and continued
studles along these lines should be made.

B. RECOMMENDATIONS

Now that feasibility of the concept has been proven, 1t is recommerd
ed. that further studles be made to approach more optimum condition:

wl.h the various components of the Internal-external configuration.

Speciflcally, the followlng 1tem:s are recommended,

sl lige el G opportunity to investipate the leadlng edge Inlet
ov the exhaust at the trailling edge was Bosekianlig S 4SS
very definitely felt that & better chaped inlet and exhaust
nozzle, with perhaps variable area control, will improve
Ll et lows compdiihnine,

o

An attempt should be made to shape the rotor shroud 1n order
to improve hovering performance.

5. The ure of boundary laver control in the rotor shroud should
be 1nvestigated.
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4. The selection of more optimum door settings to obtain better
forward flight efficlencles and improved transition qualilt-
les should be studled, since the door settings selected
for testling were quite arbitrary and 1t has been shown that
improvement 1s possible in thilis area.

o

An attempt should be made to arrive at a more improved rotor
blade shape and a better twist distribution.

6. It 1s belleved that neither the number of blades or the
optimum blade angle setting has been obtained, therefore,
further study 1s warranted in this area.

7. No attempt was made to 1mprove the turning vanes elther
ag to shape, number, or ldcation. This area should re-
celve further evaluation.

8. The power-off polar curves 1ndicate that effort to improve
the external configuration 1s warranted.

9. Addltional horlzontal taill area or tall length to that re-
presented by the model wlll be necessary to assure static
longpitudinal stabllity. The problem of inadequate piltch
control exists with the model configuiation at low speeds.
A continuing study 1s necessary to devise means of pitech
control from hover to the maximum flight speed.

10. An Improvement in the external 1lifting effilciency will per-
mit the Convoplane to have a higher speed potential. The
Improvement may come from any means of reducing the rotor
disk loading such as obtaining nigher 1ift from the rotor
houslng or the incorporation or stub wings.

The wind tunnel model as tested was evolved with but meager infor-
mation and hesavy dependence for 1ts modification for improvement was
placed on the Internal [low investigation. The curtailment of the
Internal flow investlgation, due in part to mechanical difficulties,
prevented any optimization of the configuration.

It 1s firmly belleved that sigrificant improvements can now be made
in the recommended areas lor further investigation. These studies
can be made durlng the preliminary design phase for the Flying test
bed and incorporated in the full scale model before the detall ce-
sign 1n initiated since the basic configuratior. 1s now ectablished.
and the areas dlscussed would not appreciably change the status
gisthde,

Since the feasibllicy of the Convoplane concept has now been demon-
strated, 1t would be well to point out what this means in terms of
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future application for thils particular vehicle. Here we have an
alrcraft with disk locadings and a hovering efficlency whilch approach-
es that of a helicopter. 1In addition, 1t should have the forward
flight staebllity of a conventional alrplane. All in all, the

vehlcle exhibits excellent growth potentilal.

With the rotors burled as they are within the wing. 1t willl be

qulte posslble to operate 1n congested or partlally cleared arcas,
Furthermore, when 1t 1s necessary to 1ift and transport heavy loads
for short distances, the Convoplane with flat endplates at the wing
tips provides a means of attaching several units together to become
a form of flying crane for this purpose. A corollary tce this appli-
cation 1s the fact that several units may be towed to a pire-determin-
ed location in a ferrying mission; then cut loose to land by them-
selves, or they may perform another misslon such as rescue and then
be towed back. The functlon just described 1s nossible since it

1s an extenslion of a sefety f{eature of the Convoplane, wnereln, 1f
engline fallure occurs, the vehicle may be glided to a safe landling.
This feature 1s made posslble because of the fact tihat the Convo-
pliane possesses a low wing loading.

The configuration 1is such that its final form can range from the
smaller reconnalssance type airplane to the larger cargo carrylng
type of alrceraft. It also exhiblts possiblities of having STOL
capabllities as well as VIOL.

It 1s therfore recommended that a program be Initlated [or the
deslgn and fabricatlion of a flving test bed, which would incorpor-
ate the features of the Convoplane. By means of thls test bed, 1t
will be posslble to obtaln full scale free flight test data which
would be directly applicable to prototype designs for specific
missions. Information on stability, controllability, and general
flight performance durlng hovering, transition and full forward
flight will be obtalned in true scale and would permit a realistic
evaluation of Convoplane potential for Army uses.
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Filgure 8 Front View of Model with Upper Doois and
Nosce Fairing Removed. (GAC Wind Tunnel)
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Figure Q.

Top View of Model with Upper Doors Removed,
Showing Upper Turning Vanes, (GAC Tunnel)
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F'gure 10 Bottom View of Model with Lower Doors Removed, Shcwing
Lower Turning Vanes and Exit Total & Static Pressure Rake.
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Figure 11 Top View of Model with Upper Doors
in Hovering Pocition (GAC Tunnel)
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Figure 12 Pressure and Torque Measuring Equipment
(Oseillcgraph, Scana-Valves ¢ Brlance Box)
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Pressure Measuring Equipment -
5 Tube Manometer Bank.
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Figure 14 View Showing Top Doors in Forward Flight
Position (Uriversity of Detroit Tunnel)
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Figure 15 Three-Quarter Front View of Convgplane
Model (University of Detroit Tunnel)
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Filgure 15 Three-Quarter Front View Shcwing Plates Instead of
Doors in Forward Fl!ght Position. (U. of D. Tunnel)
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Figure 17 Rear View of Model Showing Empennage and
Exit Duct. (University of Detroilt Tunnel)
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Wing Area (Pt2)
Hovering Thrust (Lbs)
Forward Thrust (Lbs)
Free Stream Velocity (MPH)
Jet Velocity
Velocity of Airstream at Exit Nozzle
Oross Weight (Lbs) (Full Scale)
Wing Lift Coefficlent
Wing Drag Coefficient
Pitching Moment Coefficient
Wing Angle of Attack
Rotor Blade Angle Setting
Overall P opulrive Efficiency
Jet Efficiency
Internal Flow Efficiency
Air Density (Slugs/Pt3)
Top and Bottom Door Opening Positions
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